Abstract
Introduction
ICT development in large, distributed organisations is a difficult task with few approaches to ensure a usable system in the end. In Scandinavia, there is a tradition of early user involvement and collaboration between users and developers, introduced in the 1980's as the Cooperative Design approach (e.g. [1, 2] ). The involvement of users requires a substantial contribution in time and effort from both parties throughout the design process, but in return it has positive long-term effects on usability and user acceptance of the new system. The approach also tends to break down the barriers between the user and the developer, when they learn about each other's domain.
In cooperative design, the usability of the system itself is usually the main concern, but we argue that by introducing new tools, the work processes and tasks inevitably change too. Therefore, cooperative design affects the users and makes them reflect upon their work, and thereby helping them to continuously refine the requirements of the system throughout the process. In other words, tight coupling between users and developers is necessary in order to create a system that will fit users' needs in the long run.
We report on a project where the users' work processes are highly specialised, where multidisciplinary decision-making to a large degree relies on both personal experiences and scientific research, and where a decision-supportive system has to meet the requirements of a complex set of interdependent work processes. Being researchers in Human-Computer Interaction (HCI), we are confident that we will be able to create new tools and interfaces, but to what extent will the cooperative design process help us engage the physicians who, through their involvement in the process, will have to make sure that the tools enable their new, enhanced work processes?
Background
The research project Funk-IS was initiated in collaboration with the surgical department (called Gastro) of a university hospital. One of the authors had spent a year working as a post-doc at Gastro when the project application was written in collaboration with the head of Gastro. The main ideas of the project was to make information more easily available during the patient care pathway, to provide better information as a ground for decisions, and that the project should result in usable applications in ten years time.
In our HCI research we have adopted the cooperative design methodology with early user involvement in system and interface design, primarily by using low-and high-tech prototypes. Bodker et al. [2] describe a long-term project which focused on four main activities: 1) mutual learning between the active participants, 2) requirement specification for a system, 3) studying a pilot installation of the system, and 4) dissemination of project findings, especially to the users and to the scientific community. The system design, although important, was rather a secondary result in the project. Their main results concern the cooperative design method itself and insights into how technology is developed and introduced in work processes. They also describe the shift of the participants; from being ordinary users to becoming designers and inventors. Participatory design, aka the North-American continuation of cooperative design, is described by Muller & Kuhn [3] with a set of techniques, such as workshops, mock-ups and prototypes, to be used by designers and users. The two approaches differ due to organisational culture; in Scandinavia researchers collaborated directly with workers and got acceptance from management to stay at the work site, while the North American tradition often gained access at management level without direct connection with the workers (cf. [3, 4] ).
Close cooperation with users can also lead to difficulties. Lantz et al. [5] found that the users can become confused by the researchers' roles (a mix of researcher and developer), as well as of the outcome of the project (users want to benefit directly from the results and do not realise that the results and prototypes will not be available as products until 5-10 years).
In accordance with the cooperative design approach, a group of physicians at Gastro is actively working in the project. In all, there are 16 project members from two very different disciplines: nine HCI-researchers (participating from four hours per week to full time), and seven surgeons (participating based on available time besides their clinical work). Our aim has been to get a nicely mixed "dressing for the salad" as the head of Gastro have stated it. In order to have a good dressing the bottle needs to be continuously shaken, which is what we have tried to accomplish using cooperative design methodologies.
Gastro may differ from organisations in general in that it has a long tradition of conducting technology development projects internally with early user involvement. They have for instance developed and implemented technology to be used during multidisciplinary team meetings (MDTMs) between several hospitals within the county council, and several physicians are involved in piloting new telemedicine solutions used in clinical work. This is in line with Coiera [6] who suggests that the medical community "needs to get 'technical' about what we [the medical speciality] mean and about what we want from a design, and we need to work alongside technologists to shape technology, as well as the processes, organisations and cultures within which they will be embedded".
There are about 25 surgeons working at Gastro, which has a close collaboration with several other units within the hospital organisation. Medical care at Gastro is team-based, which in practice means that no physician alone is responsible for a specific patient. A central work process at Gastro is the set of weekly MDTMs, where up to six other hospitals within the region participate using a video-conferencing system and screen sharing. During the meetings the gathered physicians decide in consensus on diagnosis and treatment of the patients, as well as on pre-operative planning and review of post-operative patients. In the project, we have focused on the consensus meetings because they are truly multi-disciplinary; a minimum of three different specialists must be present, at least five physicians must attend, the complete patient case is presented and discussed, and the physicians have to make decisions in consensus. That is, it is probably the most difficult MDTM during the patient care pathway, where a lot of information must be aggregated and presented, and where collaborative and multidisciplinary decision-making is critical.
Decision making in the field is different from decision making in laboratories and, following the underlying ideas of the naturalistic decision theory [7] , should be studied in the field: "Experts don't make deliberate [...] decisions but rather know what to do based on prior experiences and domain knowledge" [7, p. 1239] . The authors argue that experts exhibit a holistic, intuitive, recognition-based approach to decision-making and problem solving; an expert has a rich conceptual model of the domain, which supports recognising the case into which a specific decision situation fits, and from this recognition retrieves the appropriate solution strategy and applies it with little analysis or reasoning.
Gustavsson et al. [8] report that few clinical decision support systems have reached a sustained clinical acceptance. In order to receive acceptance by the clinicians, the system should for instance be adapted to, and integrated with, new enhanced work processes, and it should be integrated with other systems to avoid manual handling of information. Systems that strengthen rather than replace the clinicians' decisions have a greater chance to get an impact clinically. Nies & Pelayo found that involving users in the software cycle is a good starting point, but to solve complex usability problems, human factors experts who understand the physicians' work situation should be integrated [9] .
To us, these findings confirm the importance of applying a cooperative design approach in which clinicians participate during the whole development process. The key ambition is to adapt the system from the beginning, to design it according to the workflow and the needs and requirements of the users. In this process we are interested in what signs of critical distance and reflection regarding current work processes could be assembled from the physicians during our ongoing data collection for requirement specification and design work.
Method
The Funk-IS project started in September 2008 and as of June 2010, we have conducted a number of parallel activities in the project; field studies (observations and interviews), project meetings, workshops and prototyping sessions. The project is managed from the HCI-side, where also the planning of design activities, analysis of material, and the building of initial prototypes has been carried out. All physicians in the project group have continuously been updated about the work, but they have not participated in every activity. Two of the physicians have taken on a more active role and worked hands-on with creating specifications and evaluating different design proposals. We have also included other physicians (surgeons and radiologists) in evaluations of prototypes and interviews on work processes.
In the beginning of the project, a series of meetings with all project members were held. They consisted mostly of presentations of ongoing work, preliminary results and discussions on goals in the project. The cooperative part of these meetings consisted of, on one hand, the physicians guiding the HCI-researchers in their interpretation of work processes at Gastro, and on the other hand of the HCI-researchers presenting a bird's-eye-view of the work at Gastro. Also early in the project, a number of workshops and demo sessions were conducted, to show-case prototypes developed in other projects, including modifications of the prototypes intended to better suite the physicians' needs. The goal was for the physicians to hands-on test the technology and discuss in what ways it could be used in their work.
Besides earlier long-term fieldwork that has informed the project, two formal rounds of field studies have been conducted. The first field study spanned three weeks in March 2009 and included three preoperative meetings, and the second field study spanned five weeks in September and October 2009 and included nine consensus meetings. The meetings lasted about one hour each, they were video-recorded and afterwards analysed and partly transcribed. We have also observed physicians in the conduct of their work, for instance by shadowing senior surgeons during all steps of the patient care pathway. Formal interviews have been done with surgeons and radiologists, and informal conversations have been held with all surgeons at Gastro as well as with radiologists and an oncologist. Our orientation to field research follows the approach taken by Hughes et al. [10] , emphasising the description of observable features of the work.
Following initial fieldwork, when project members cooperatively had developed high-level specifications of the intended system, prototyping sessions were conducted to start designing the system interface. During two three-day sessions, one of the physicians teamed up at the HCI department together with three to four researchers in hands-on, cooperative design activities and produced sketches of the system. In all, the project meetings, fieldwork, and prototyping sessions represent a long-term collaboration with Gastro that has helped develop a trust between researchers and surgeons. Such investment in relationships among project members is critically important.
Results
The surgeons explicitly stated in the beginning of the project that they required tools to quickly process information during multi-disciplinary team meetings. The need for tools has also been reported in [11] where it has been suggested that physicians must change from "being memory repositories to information managers".
Apart from introducing new technology and thereby influencing the physicians' work, we did not set out in the beginning to deliberately influence their work in any specific direction. As the cooperative design work proceeded, we have learned that the design process has influenced the physicians in the way they see their work and made them reflect on how to improve certain processes. We can therefore present results not only on the development of a decision-supportive tool, but also -and perhaps of more interest -on how the physicians have responded to the design process.
Interaction design
The main work at Gastro obviously concerns surgical treatment of patients, an area that we as HCIresearchers do not intend to improve. What we on the other hand are interested in, and where we believe we make a difference, is in the way physicians manage patient information. We subsequently set out to learn how patient information is used and accessed at Gastro in current work processes. Results in this section are primarily based on field studies, but have been verified in workshops and interviews with physicians.
First of all, we learned that patient information is not used in isolated situations. There is a structured process at Gastro that patients follow, the patient care pathway, which consists of four main steps:
• Coordination: Review of patient information to ensure it is sufficient for continued assessment.
• Decision (MDTMs): All relevant patient information is discussed at a consensus meeting, where decision on diagnosis and treatment is reached. The case is reviewed at a preoperative meeting, if surgery is needed.
• Treatment: Before, during and after surgery, surgeons access patient information in order to plan the surgery and write post-surgical notes.
• Post-operative: A few months after surgery, patient outcome is discussed at an MDTM, in order to present feedback on the treatment. Patient information is accessed and complemented during the whole patient care pathway, by several physicians and in different situations. In the end, they have produced a full description of the case, including relevant examinations, diagnosis, treatment and outcome. This means that specific information a physician might be interested in (such as outcome of similar cases during consensus meetings) is produced and used asynchronously; they document actions and patient information not only to know what they have done, but also for future use.
A consensus meeting lasts 60-90 minutes, handles ten cases and is attended by five to twenty physicians. As all physicians are not located in the same hospital, video-conferencing and screen sharing are used. The different roles of the participants, the workflow of the meeting and the way information is presented, make it possible for all participants to follow a clear structure of information exchange [12, 13] .
During the consensus meetings, advanced technology is used, such as radiology software and screen sharing. But when it comes to presenting and searching for patient information, physicians must rely on their own memory of the cases or printouts of the patient record that they have brought with them. As they are not always able to answer specific questions, the meetings become vulnerable as to who are present and what they remember. Radiology examinations are an important part of the meetings today, as they are the best representation of the patient. Textual information is equally important but not utilised to the same extent; hence we believe that easier access to patient information, as well as the inter-play of text and images will add new dimensions to the meetings.
Early in the project the physicians explained that access to medical information was cumbersome and contained too much "noise", i.e. it takes time to find specific information when needed. We consequently started working on structuring and categorising the medical information, based on what is actually relevant during the consensus meetings. We have made several iterations of this exercise, and the list now more or less constitutes a complete profile of the patient.
Another early observation was that the physicians lacked a tool for visualising, and collaboratively working with, medical information during the consensus meetings. To initiate the discussion on what such a tool could look like and what support it would add to the meeting, we presented a first conceptual idea of a "collaborative clinical workspace" [14] . At this point we experienced the difficulties of working in two different domains, as only a conceptual idea of a tool was very difficult to grasp for the physicians. We then proceeded to make high-level sketches of what such a system could look like and presented them in workshops, followed by interviews and evaluations with the physicians. The immediate result was that the physicians actually understood what we were talking about and could discuss how it could be used in their work. During the two prototyping sessions the sketches and requirements have been further refined. The sketches are now being realised into high-fidelity prototypes, and will be evaluated together with the physicians in order to study what positive and negative effects the addition of collaborative tools bring to the meetings, and how they affect the discussions.
User responses to design initiatives
Examples used in this section are mainly taken from two workshops and one prototyping session. The first workshop was conducted quite early in the project, and the focus was on structuring all the patient information that is relevant during consensus meetings. The second workshop was held a year later and now included patient information that is used during the whole patient care pathway. Three physicians participated in each workshop, but only one of them in both of the workshops. The prototyping session was also conducted later in the project, with one physician during three days. In this session, we focused on detailed comparison of patient information for a few specific patients, and also on creating a design proposal for the intended decision-supportive system.
In the design activities where the flow of patient information between different physicians was discussed, the participating physicians have on a number of occasions expressed insight into lack, or loss, of information. For example, in one workshop, questions were raised about how information from one step to another in the patient care pathway was transferred. They recognised that there were situations where information sometimes was left behind or even dropped out of the system. In another exercise, all available information on a specific patient (including all notes in the patient record along with transcripts of the MDTMs where the patient had been discussed) had been gathered and laid out on a large table. One of the physicians noticed that the discussion on one possible treatment during the consensus meeting, which had been unanimously discarded, was not recorded in the decision. They had discussed why the particular treatment should be avoided in this case, but still at least two physicians (who had not attended the meeting) later on had discussed the treatment option with the patient.
The physicians also found situations where they could improve and extend patient information. For instance, involving the patient herself could be advantageous both for the physicians and the patients: . Managers and physicians all have a common understanding of how the patient care pathway should be practised, but in reality, how the different steps actually are conducted depends on individual physicians and on the practical situations of the work. The physicians continuously improve the pathway in discussions during for instance internal team meetings. But during the cooperative design activities other flaws in the process could be identified more systematically.
The different design activities have also brought the physicians together and offered them time to discuss how their work is performed today and what can be improved. It has enabled them to learn from each other's work and reflect on how things actually work (or not). In one of the exercises, a transcript of the discussion during a consensus meeting is presented to the physicians. They seem somewhat dissatisfied with what they read, and Surgeon3 even comments: "Why all these words when what we are looking for is something very exact?". During the discussions between the physicians, they gain insight in each other's way of doing different work routines, they learn from each other, and explicitly express the need for a more systematic way of working. To a certain extent, After the workshop on the patient care pathway, the manager who had participated discussed with the head of Gastro about conducting a similar workshop with all of the staff at Gastro. Apparently they realised that some of the activities of cooperative design can also be applied to their organisational development work in the surgical department. Hence, our methods in the project have improved the quality of their work processes, and via design activities and discussions the physicians are forced to take a holistic perspective on their work.
Discussion
In the Funk-Is project we have as HCI-researchers worked for nearly two years together with physicians in the design of a decision-supportive system, which is intended to help physicians manage the vast amount of information encountered in their daily work. It has been a necessity for us to conduct much of the work at the hospital, and to invest time in getting to know the physicians, the department and their work processes, whereby we have reached a detailed level of understanding about the users and their context. We have used and presented this knowledge in the design activities, which have both secured user acceptance, and also helped the physicians to gain a holistic view of their work [8] . The design activities, as well as the continuous presence of HCI-researchers at the hospital, have inevitably affected the physicians and the way they see their work processes. In other words, technology development has lead to development of the work processes, a critical effect that always has to be taken into account in cooperative design projects. We think it is fair to conclude that the cooperative design process has helped us to engage the physicians in critical assessments of their current work processes, thereby securing that the new tools will become well adapted to user needs. The kind of responses we have received -on accessibility and quality of patient information, on process enhancements and organisational re-design -make us confident that the approach can help us avoid the danger of having technology, rather than professional know-how and commitment, drive the design process. We also believe that Gastro, being an organisation where internal development projects are common, have realised that they need to work close with "technologists" to improve their technology and work processes (cf. [6] ).
On one hand, the project has created commitment and interest among the physicians, and the results of the project are promising. On the other hand, conducting a research project, or for that matter any technology development project, within a work place requires a substantial amount of time from the users. The physicians are extremely busy, and work long hours even without involvement in the project. We have therefore been forced to adapt to their schedule and plan the number and format of the activities according to their availability. It has partly been solved by a few physicians devoting research time, which is included in their working hours, to the project. Because of these constraints, and although the project has focused on the cooperative design method, we can also conclude that the HCI-researchers have become more familiar with the physicians' domain, than vice versa. With one exception; the senior surgeon who has participated in most of the workshops and the two prototyping sessions, has been able to generate sophisticated interaction design ideas and to some extent act within the field of HCI [2] .
Working together with users is a necessity, but one should not forget that people skilled in HCI are professionals with a set of tools and knowledge grounded in a certain design methodology. Users are guided by the HCI professionals, who know "whereto" the project should go and "why", and who can reflect on the progress of interaction design [14] . With Gastro's history of user involvement in their development projects, they are comfortable with using the cooperative design method. User involvement is natural for them, but they have previously not had the knowledge of what design activities to use. Furthermore, as the initiative to this project was partly taken from the head of Gastro, management involvement comes naturally and we fulfil the requirements of both cooperative and participatory design [1, 4] . All in all, the long-term goal of a project like this is actually to increase the collaboration between different disciplines; medicine, engineering and research. The "dressing for the salad" is not only a nice expression, it has become the preferred way of working, in order to make sure that state-of-the-art medicine is continuously improved using state-of-theart technology.
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